INTRODUCTION
============

The global incidence of gastric cancer has decreased steadily, primarily due to a reduction in distal cancers.^[@R1]^ However, gastric cancer remains the fourth most common malignancy worldwide and there is higher incidence of the disease in Eastern Asian countries such as China, Korea, and Japan.^[@R1]^ By contrast, adenocarcinoma of esophagogastric junction or lower esophagus is one of the most rapidly increasing malignant diseases in West and seems to have different etiology from distal gastric cancer.^[@R2],[@R3]^ The similar trend of EGJA was also reported by Japan, China, and Korea in recent years.^[@R4]--[@R6]^ EGJA is a tumor that has clinicopathological characteristics of both esophageal and gastric malignancies since the tumors occurring at the mucosa between the lower esophagus and upper third of stomach.^[@R7],[@R8]^ Surgical resection with standard lymphadenectomy is a mainstay surgical treatment for patients with EGJA. An abdominal--transhiatal approach was also recommended by Sasako et al for Siewert type II and type III EGJA tumors in Japan.^[@R9]^ Most EGJAs are diagnosed with advanced stages, and the prognosis is worse than that of distal gastric adenocarcinoma (DGA).^[@R10]^ However, some researchers also found that the prognosis of patients with EGJA was no worse than that of patients with DGA in each equal TNM stage.^[@R11],[@R12]^ It remains unclear whether the prognosis is due to different biologic characteristics or relative lower rate of detection. Some aspects of surgical therapy for EGJA, such as extent of resection and lymphadenectomy, remain controversial.^[@R10],[@R11]--[@R15]^ However, with the introduction of the Siewert classification, which has a direct impact on the surgical treatment of these tumors, those discrepancies can be gradually diminished.^[@R16]^ The clinicopathological features of EGJA have not yet been elucidated. We are aware that only a few reports have emphasized on clinicopathological features and prognosis of EGJA in China.^[@R17],[@R18]^ A standardize definition and knowledge of EGJA will facilitate future scientific research and academic exchanges.

Our previous study found that the proportion of EGJA among surgical patients was significantly increased in China from 1988 to 2012.^[@R19]^ Time trend of EGJA was antipodal to the DGA in China. On the basis of the previous retrospective gastric cancer registry in West China Hospital and the additional follow-up outcomes, we intended to analyze whether EGJA and DGA were also different in clinicopathological characteristics and prognosis. The aim of this study was to analyze differences in clinicopathological features, surgical treatment, and the prognosis between EGJA and DGA patients who underwent gastrectomy between January 2006 and December 2010 in West China Hospital.

METHODS
=======

Patients
--------

In this retrospective study, patients who underwent gastrectomy for gastric adenocarcinoma in Department of Gastrointestinal Surgery of West China Hospital, Sichuan University, China, from January, 2006 to December, 2010 were enrolled. In the present study, 1460 patients were admitted for the treatment of gastric cancer and 1350 patients (92.5%) underwent surgical resection. The exclusion criteria included the following: remnant gastric cancer (n = 20), synchronous gastric multicenter adenocarcinoma (n = 15), other malignancy of stomach (n = 21), gastric cancer involving the entire stomach (N = 56), and patients who had received neochemotherapy (n = 8). After exclusion, 1230 patients were remained and analyzed in our study. The location of the tumor was defined according to Japanese classification of gastric carcinoma: third English edition.^[@R20]^ Type of EGJA was according to Siewert classification.^[@R16]^ To avoid misclassification, each resected specimen was precisely measured and the distance between tumor center and esophagogastric junction was also recorded for EGJA in our hospital. Due to the low proportion of Siewert type I tumors and this subtype tumors were underwent transthoracic approach gastrectomy in the Department of Thoracic Surgery, type I tumors were not included in our study.^[@R21],[@R22]^ We only analyzed Siewert type II and III tumors who underwent transabdominal surgical resection in the Department of Gastrointestinal Surgery in West China Hospital.

Surgical Treatment
------------------

All the patients in this study were underwent transabdominal total or subtotal gastrectomy according to the principles of Japanese Classification of Gastric Cancer.^[@R19]^ Transabdominal-hiatal total or proximal gastrectomy plus lymphadenectomy were performed in patients with EGJA, while distal gastrectomy was mainly performed in patients with DAG. D2/D2+ lymphadenectomy were routinely performed while D1/D1+ lymphadenectomy were selectively used in patients with early gastric adenocarcinoma. Intraoperative frozen section was a routinely procedure aiming to secure the resection margins without tumor cells. When patients with positive frozen resection margins intraoperatively, supplementary resection was performed when the remnant stomach was still resectable under the premise that without affecting anastomosis. For reconstruction, Billroth I and Billroth II were adopted for distal gastrectomy, Roux-en-Y anastomosis was accepted for total gastrectomy and some distal gastrectomy, while esophagus-gastric anastomosis (EGA) was accepted for proximal gastrectomy. For some tumors in advanced stage, combined organ resection would be performed to achieve a curative resection. For example, splenectomy was selectively performed in cases when advanced cancer located at posterior wall or greater curvature of stomach which invaded spleen and that had metastasis to lymph node at the splenic hilum or along the splenic artery.

Clinicopathological Data
------------------------

Demographic variables (sex, age), surgical related parameters (radical degree, number of harvested lymph nodes, operation time), and survival outcomes and independent prognostic factors were compared. We also evaluated macroscopic type, histological differentiation grade, and pTNM stage. The classification of macroscopic type, histological differentiation grade, and postoperative TNM stages were based on Japanese classification of gastric carcinoma: 3rd English edition.^[@R20]^ The perioperative outcomes such as postoperative hospital stay (days) and postoperative complications and mortality were also analyzed between 2 groups.

Follow-Up
---------

Overall survival was calculated from the time of surgery until death or the last follow-up contact. Follow-up assessments were performed every 3--6 months for the first 2 years, every 6--12 months for 3--5 years after surgery and then annually.^[@R23]^ The postoperative follow-up was carried out by regular out-patient visit and telephone interviews. Follow-up information was updated to January 1, 2014. Reasons for those patients lost follow-up were mainly because those patients refused out-patient visit or changed telephone number and address.

Statistical Analysis
--------------------

Statistical analysis was performed using SPSS 19.0 (SPSS Inc, Chicago, IL). Continuous data were presented as the mean ± standard deviation (SD). The means of the 2 groups were assessed with one-way ANOVA test. Categorical data were compared by *χ*^2^ tests or Fisher exact test. Survival curves were derived from Kaplan--Meier estimates and the curves were compared by log-rank test. Prognostic factors were identified by univariate analysis, and further examined by multivariate analysis. The multivariate analysis was performed with the Cox proportion hazards model. Backward stepwise selection with a likelihood-ratio test was used for selecting variables for the Cox regression analysis. In our Cox proportional hazards model, *p* ≤ 0.05 was defined as the inclusion criteria and *P* \> 0.1 as the exclusion criteria. The *P* value less than 0.05 was considered statistical significance. All the *P* values in our study were performed by two-sided test.

RESULTS
=======

Patients
--------

A total of 1230 patients were finally included in our study, 321 (26.1%) were allocated to the EGJA group, and 909 (73.9%) were in the DGA group. The majority of our patients were men in both groups, the average ages for patients were (59.9 ± 10.2) years and (56.3 ± 12.4) years, respectively, for EGJA and DAG (Table [1](#T1){ref-type="table"}). Patients in the EGJA group also had a significantly higher body mass index (BMI) than that of the DGA group (24.3 ± 3.3 vs. 20.7 ± 3.2) (*P* \< 0.001).
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Clinicopathological Characteristics
-----------------------------------

For the macroscopic type of gastric cancer, the proportion of Borrmann type 1 and type 2 was higher in patients with EGJA when compared with DGA (69.5% vs. 47.5%) (*P* \< 0.001). The proportion of early gastric adenocarcinoma was significantly higher in the DGA group compared with EGJA group (22.2% vs. 5.6%) (*P* \< 0.001) (Table [1](#T1){ref-type="table"}). The proportion of lymph node metastasis was also higher in those with EGJA than DGA (76.3% vs. 67.4%) (*P* = 0.003). The distribution of TNM stage showed more advanced stage adenocarcinoma in EGJA than in DGA (*P* \< 0.001). The rate of R0 resection was also lower in the EGJA group compared with the DGA group (86.0% vs. 92.8%) (*P* \< 0.001) (Table [1](#T1){ref-type="table"}).

Surgical Outcomes
-----------------

The surgical information was included in Table [2](#T2){ref-type="table"}. The number of harvested lymph nodes was larger in the EGJA group (27.4 ± 13.1 vs. 25.7 ± 12.5) (*P* = 0.046). The overall rate of postoperative complications was 18.4% and no significant difference was observed between the EGJA and DGA groups (*P* = 0.313). In both groups the most frequent surgically related complications were wound infection (13.3%) and gastroplegia (12.8%). For mortality within postoperative 30 days: 4 patients in the EGJA group and 7 patients in the DGA group died of anastomotic leakage-related sepsis, postoperative respiratory failure, and cardio-cerebral vascular accidents (Table [2](#T2){ref-type="table"}).
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Survival Outcomes
-----------------

The median follow-up time was 59.4 (range 7.0--95.7) months. The overall 3-year survival rate was 57.5% in EGJA and 65.5% in DGA. Patients with EGJA had a significantly poor prognosis compared with those patients with DGA (*P* = 0.001) (Figure [1](#F1){ref-type="fig"}). The median survival time was 46 months for patients with EGJA, while this could not be applicable for DGA since the fatality rate was less than 50% by the end of follow-up. The 3-year survival rate was 61.7% in EGJA and 69.3% in DGA (*P* = 0.001) for patients with curative surgery (Figure [2](#F2){ref-type="fig"}). When conducting stratified analysis by TNM stage, we observed there was significant difference between 2 groups only in stage II (*P* = 0.012), while no significant difference in other stages (Figure [3](#F3){ref-type="fig"}). We also found that there was significant difference on survival outcomes between 2 groups for patients with pN0 tumors (*P* \< 0.001) (Figure [4](#F4){ref-type="fig"}).

![The overall survival curves of DGA and EGJA. The 3-year survival rate was significantly lower in the EGJA group than that in the DGA group (57.5% vs. 65.5%, *P* = 0.001).](medi-94-e1386-g003){#F1}

![Survival curves of EGJA and DGA after R0 resection. The 3-year survival rate was significantly lower in the EGJA group than in the DGA group (61.7% vs. 69.3%, *P* = 0.001).](medi-94-e1386-g004){#F2}

![Survival curves of gastric adenocarcinoma after R0 resection in each stage based on the tumor stages: A, Patients with stage I tumors (n = 269). There was no significant difference on survival outcomes at this stage (*P* = 0.147). B, Patients with stage II tumors (n = 218). There was significant difference on survival outcomes at this stage (*P* = 0.012). C, Patients with stage III tumors (n = 575). There was no significant different on survival outcomes at this stage (*P* = 0.563). D, Patients with stage IV tumors (n = 58). There was no significant different on survival outcomes at this stage (*P* = 0.157).](medi-94-e1386-g005){#F3}

![Survival curves of EGJA and DGA in the pN0 groups after R0 resection. The 3-year survival rate was significantly lower in the EGJA group than that in the DGA group (84.1% vs. 91.1%, *P* \< 0.001).](medi-94-e1386-g006){#F4}

Prognostic Factors
------------------

There were different prognostic factors between these 2 groups, multivariate analysis indicated that age (\<70 vs. ≥70 years) (HR = 1.335, 95% CI 1.012--1.761, *P* = 0.041), tumor maximal size (HR = 1.534, 95% CI 1.186--1.985, *P* = 0.001), radical degree (HR = 1.335, 95% CI 1.030--2.144, *P* = 0.034) pT4 (HR = 2.291, 95% CI 1.413--3.716, *P* = 0.001), pN3 (HR = 4.071, 95% CI 2.789--5.941, *P* \< 0.001), pM (HR = 1.450, 95% CI 1.047--2.029, *P* = 0.025) were independent prognostic factors for DGA, while only combined organ resection (HR = 1.716, 95% CI 1.053--2.797, *P* = 0.030), pN3 (HR = 3.429, 95% CI 2.098--5.604, *P* \< 0.001), and pM (HR = 2.358, 95%CI 1.454--3.824, *P* = 0.001) were significant and independent prognostic indicators for EGJA (Table [3](#T3){ref-type="table"}). Subsequent multivariate analysis also confirmed that tumor maximal size (HR = 1.316, 95% CI 1.062--1.630, *P* = 0.012), radical degree (HR = 1.792, 95% CI 1.374--2.338, *P* \< 0.001), pT (HR = 2.555, 95% CI 1.634--3.944, *P* \< 0.001), and pN (HR = 3.420, 95% CI 2.504--4.671, *P* \< 0.001) were independent prognostic indicators for patients after resection for gastric adenocarcinoma (Table [4](#T4){ref-type="table"}).
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DISCUSSION
==========

The incidence and mortality of gastric cancer has declined during the past 5 decades.^[@R1]^ However, the proportion of EGJA indicated an opposite trend to the whole gastric cancer. Many previous studies have elaborated an ascending trend of EGJA,^[@R3]--[@R5]^ which alert clinicians to put a premium on this lesion. Some previous researches have already presented the differences between EGJA and DGA too.^[@R7],[@R8]^ In China, although the number of EGJA is still not dominant among the whole gastric cancers, the proportion of EGJA has sharply increased in recent years.^[@R5]^ According to our knowledge, most previous researchers have just depicted a relatively small number of surgically resected patients and the larger volume studies that came from China was still sparse. Our study is distinct because we enrolled a relative large number of consecutive Chinese EGJA patients during the study period and compared their clinicopathological features and survival outcomes with DGA. Due to the special location and structures of EGJA, this kind of tumor may have clinicopathological characteristics of both esophageal and gastric malignancies.^[@R7]^ The aim of this study was to identify key differences between EGJA and DGA to make us have a deeper knowledge of EGJA.

By analyzing our database of gastric adenocarcinoma from January 2006 to December 2010, we can see a significant higher prevalence of EGJA among surgical patients in our institution than reports from Western nations. Among 1230 patients, the proportions of EGJA and DGA were 26.1% and 73.9%, respectively. Our data demonstrated that EGJA was more common in older patients and higher BMI patients.

In line with many results of previous researches, EGJAs were associated with male sex and different characteristics. The different demographics of this people compared with DAG suggest that different processes are involved in the pathogenesis.^[@R24],[@R25]^ We have also clearly indicated that the prognosis of patients with EGJA was worse than that of patients with DGA, even after curative resection, which was similar to some previous reports.^[@R8],[@R10],[@R26]^ More progressive tumors and lower rate of radical degree were revealed in EGJA when compared with DGA. Without a doubt, patients with EGJA also showed a worse prognosis when compared with DGA. However, tumor location was not a prognostic factor for gastric adenocarcinoma by multivariate analysis, only age, tumor size, curability, pT, and pN affected survival of gastric adenocarcinoma. However, since different distributions of radical degree and T-N-M stage between 2 groups, we could find that tumor location would be an independent prognostic factor after the T-N-M stage and radical degree were excluded in the analysis (HR = 0.815, 95% CI 0.671--0.990, *P* = 0.039) (data were not shown in the tables). We also find different prognostic factors for EGJA and DGA, unlike prognostic factor for DGA, combined organ resection may increase the hazard for EGJA. From our analysis, we also indicated that standard D2/D2+ lymphadenectomy was necessary for both DGA and EGJA. We think that many factors such as radical degree, pT stage, and tumor size may influence the prognosis that was not included in the Cox model due to relatively small volume for EGJA in our study.

After stratification analysis in patients who underwent curative surgery: stage I, stage III, and stage IV had no significant difference in survival outcomes between EGJA and DGA. This may be due to a great prognosis of tumor in early stage for all gastric cancer, regardless of where the tumor location is. In our study, survival discrepancies might be primarily due to higher proportion of advanced stages and lower rate of R0 resection in the EGJA group. If the 2 groups had a similar rate of advanced disease, the survival outcomes may also have been similar, since there was no difference on survival rate in each stage I, stage III, and stage IV. We also find patients with EGJA had a higher BMI; this may not be a negligent factor for the different outcomes. Even though we have not found that BMI was a prognostic factor for gastric cancer, patients with higher BMI would make the surgery more difficult which may lead to a lower rate of Ro resection and numbers of harvested lymph nodes. We have made a progress in the surgical technique for gastric cancer during the past 10 years, but different surgeons may have different operative volumes and experience. These factors may also create different outcomes of EGJA and DGA. Apart from these factors, a standard inferior mediastinal lymph node dissection was quite scant for EGJA patients due to technical difficulties from the transabdominal or transhiatal approaches.^[@R9]^ For patients without lymph nodes metastasis (pN0), EGJA also showed a worse prognosis when compared with DGA after curative resection in our study. This indicated that adequate lymph nodes dissection includes mediastinal lymph nodes, and an aggressive additional treatment after surgery was essential to improve survival of EGJA in pN0 patients, D2/D2+ should be recommended for EGJA in advanced stage.

One interesting finding of our study was that there was significantly worse prognosis after curative resection in stage II. We also observed that 50.5% (110/218) of patients were in stage T4aN0M0 among stage II. This indicated that EGJA and DGA may be 2 distinct tumors and tumor location was a prognostic factor for stage II. Because of the different anatomical structures between EGJA and DGA in stage II, the way of lymph nodes micrometastasis may be also different. We also consider that the difference on biological characteristics between DGA and EGJA would be more prominent in stage II. Tumors at different locations may have different responses to adjuvant chemotherapy, this may be another explanation for the difference. Tumors were deeper, with a higher rate of lymph node metastasis in the EGJA group which agrees with other groups.^[@R27]^ In accordance with the higher proportion of advanced stage, a lower radical degree rate was also observed in the EGJA group. Because of the special locations of cardia and fundus of stomach, EGJA especially Siewert type III tumors were not easy to detect under endoscopy compared with distal lesions. It is essential for physicians to reverse the endoscopic probe to find upper gastric lesions when performing endoscopic examinations. In addition, obvious typical symptoms associated with EGJA are insidious in early stage. Quite a lot of patients came to accept the endoscopy examination when the dysphagia appeared. As we all know, the lesion was comparatively large when patients felt dysphagia. For the anatomical aspect, the intraabdominal part of the esophagus, esophagogastric junction, and fundus are not totally covered by visceral peritoneum. These portions of the stomach are located extraperitoneally or retroperitoneally, which makes EGJA more prone to infiltrate the serosa and more inclined to peritoneal metastasis compared with DGA.^[@R28]^

The esophagogastric junction was a very special transitional area from squamous epithelium to glandular epithelium, which is rather different from the typical glandular epithelium of distal stomach. Different epithelial ingredients with different tumorigenesis might lead to discrepant prognosis for EGJA. The former research had found more proportion of undifferentiated type in gastric cardia cancer and leads to worse prognosis.^[@R29]^ However, in our study, we could see that a higher proportion of undifferentiated adenocarcinoma in the DGA group instead of EGJA group. Thus, the poor prognosis of EGJA may relate to various factors, such as stomach anatomy, different lymphatic metastasis path, and technical difficulties during surgery. McColl et al also proposed in that gastroesophageal reflux may partly lead to the development of intestinal metaplasia, neoplasm ad more undifferentiated tumor cells in EGJA.^[@R30]^ These indicated that biological discrepancies might be a dominant cause for the difference for EGJA and DGA. Thus, the EGJA differs from the distal gastric adenocarcinoma not only in anatomy but also in tumorigenesis and development mechanisms.^[@R31],[@R32]^ Various prognostic factors for gastric adenocarcinoma have been discussed. In multivariate analysis of all patients, age, the radical degree, the T category, and the N category were independent prognostic factors for gastric adenocarcinoma. We can see diagnosis in earlier stages is a main factor to improve prognosis.

There was no statistically significant difference on postoperative hospital days and rate of postoperative complications between the 2 groups. We found more leakages after resection for EGJA than for DGA (2.2% vs. 1.2%) which is in accordance with other reports.^[@R28]^ The overall rate of postoperative complications was much lower in recent years.

Our study have some limitations: since this is a retrospective analysis comes from a single center in western China, the results of this study may not represent overall Chinese population well. There was some selection bias such as patients with Siewert I tumors were not included in this study. Because of different distributions of TNM stage and radical degree between DGA and EGJA, the Cox model analysis may have some biased estimate for survival outcomes in our study. Our outcomes may hint that EGJA and DGA may be 2 distinct tumors; however, we believed that more basic researches are needed to be further performed to find difference on biological characteristics between DGA and EGJA. Although some interesting results were generated in our study, we are still unable to answer all of the existing questions for the difference between EGJA and DGA.

In conclusion, compared with DAG, EGJA has distinct clinicopathological features and different prognosis. There were different prognostic factors for EGJA and DGA, and combined organ resection should not be recommended among EGJA patients. Our study indicated that Siewert types II and III may be a distinct disease entity, and these patients need different management strategies to those with DAG. Therefore, more vigorous additional treatment after surgery should be considered to improve survival of EGJA patients, and special attention is warranted for early detection and surveillance.
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